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Near-Real-Time Data Plots
Plots of near-real-time data can be viewed at the DQ Explorer system accessible through http://dq.arm.gov/. Select the desired site and datastream. The MWR3C datastream is "sssmwr3cFF.b1" where "sss" is the site (SGP, TWP, etc.) and "FF" is the facility (C1, M1, etc.)
Data Description and Examples

Data File Contents
Datastreams available from the ARM Data Archive are named sssmwr3cFF.b1 and contain calibrated brightness temperatures and retrievals. Raw data files are available upon request, and they are named sssmwr3cFF.00.yyyymmdd.hhmmss.raw.PR-2289C-SN_yyyy-mm-dd_hh-mm-ss.csv. Data files containing the calibration results from tip curves are named sssmwr3cFF.00.yyyymmdd.hhmmss.raw.PR-2289C-SN_yyyy-mm-dd_hh-mm-ss_dailytips.csv.
Primary Variables and Expected Uncertainty
The primary variables measured by the MWR3C are brightness temperatures at 23.834, 30, and 89 GHz. By relating the observed radiances to atmospheric water vapor and liquid water, it is possible to derive precipitable water vapor (PWV) and liquid water path (LWP) from the measurements. Retrievals of integrated water vapor and liquid water path obtained from brightness temperatures measured at the three frequencies are provided in the data files. Uncertainties in the retrieved PWV and LWP are provided in the data files as individual error bars. 
Diagnostic Variables
The following diagnostic variables are in the PR-2289C-SN_yyyy-mm-dd_hh-mm-ss_dailytips.csv files associated with the raw datastream. Mean radiating temperature at 30.000 GHz K 10 K R300000 Tip curve correlation coefficient Tnd89000
Instantaneous Tnd at 89.000 GHz from tip curves K 2 K Tnd(0C)89000
Instantaneous Tnd at 89.000 GHz at nominal temperature
Temperature correction coefficient at 89.000 GHz K/K Tmr89000
Mean radiating temperature at 89.000 GHz K 10 K R89000 Tip curve correlation coefficient
Data Quality Flags
Data quality flags are named qc_"fieldname" (i.e. qc_tbsky90). Possible values for qc_flags are:
 0 (value is within the specified range)
 1 (missing value)  2 (value is less than the specified minimum)
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4  4 (value is greater than the specified maximum)
 8 (value failed the valid "delta" check).
Specified maximum and minimum values are shown in Table 5 . 
Annotated Examples
In this section are some examples of data. The rain mitigation system is designed to keep the two receivers" lenses dry in situations of high humidity or light rain. For this purpose a stream of warm air is blown across the lenses when the relative humidity 6 exceeds a user-adjustable threshold. Air is blown at high speed during rain to keep the lenses clear of standing water. The rain detection and mitigation system of the MWR3C shows improved capability in quickly drying the lenses after a rain event as shown in Figure 2 [1]. The three panels show brightness temperatures (30 GHz) during three rain events in Gan, Maldives, in December 2011. Red crosses indicate rain rate (mm/hr) as reported by the MWR3C rain sensor. Pink crosses indicate the times when the MWR rain flag was on (100) and off (0). During these times the heater in the MWR dew blower was blowing warm air on the radiometer"s Teflon window. The two black lines with arrows start when the rain stops (according to the MWR3C sensor). In general the MWR3C brightness temperatures drop back to normal levels after approximately 5-10 minutes from the end of the rain, suggesting that this is the time necessary to completely free the lens of standing water. 
User Notes and Known Problems
This section is not yet available.
Frequently Asked Questions
7 6.0 Data Quality
Data Quality Health and Status
Daily quality check on this data stream can be found at the DQ Explorer page: http://dq.arm.gov/. Select the desired site and datastream. For example, for the MWR3C located at the site "SGP", the datastream is "sgpmwr3cC1.b1" and the facility is "C1".
Data Reviews by Instrument Mentor
The instrument mentor submits a monthly summary report accessible from the instrument web page. Some of the general checks performed by the instrument mentor are shown below.
1. In general, the brightness temperature time series should be smooth and with low noise levels.
2. Brightness temperatures should be greater than 2.75 K and less than approximately 330 K.
3. External temperature readings can be compared to tower measurements. The agreement should be +/-2 K.
4. External pressure readings can be compared to tower measurements. The agreement should be +/-5 KPa.
5. External relative humidity readings can be compared to tower measurements. The agreement should be +/-5% 6. Measured brightness temperatures are also compared with model computations as a general quality check.
7. Data from the rain detection system are routinely checked against other similar measurements depending on their availability at a given site.
Data Assessments by Site Scientist/Data Quality Office
The Data Quality office daily data assessment can be viewed at the DQ Explorer web page.
Value-Added Products
The MWRRET algorithm provides physical retrievals of water vapor and liquid water path.
Instrument Details
Detailed Description
The MWR3C measures sky radiances at three frequencies: 23.834, 30, and 89 GHz. Radiance measurements are converted to "equivalent brightness temperatures" through the calibration procedure. Below is detailed description of the instrument components. 
List of Components
System Configuration and Measurement Methods
In this section we give a brief description of the MWR3C hardware configuration. The MWR3C is composed of two PR-series microwave receivers. The PR2230 is the K-band receiver and can be calibrated to up to 30 frequencies between 22 and 30 GHz. In operational mode only two channels (22.834 and 30 GHz) are calibrated. The K-band channels have a bandwidth of 300 MHz. The PR8900 is the W-band receiver that is calibrated at 89 GHz (1.9 GHz bandwidth). The receivers are enclosed in a watertight case equipped with active moisture and pressure control. The entire receiver subsystem is thermally stabilized to 30 mK, with the exception of the external lens. Residual temperature dependences due to the external lens are corrected in the calibration procedure with the use of additional temperature coefficients. The radiation entering the lens passes through a feedhorn and is directed to a PIN switch. The switch is periodically set to a load position. In this case the receiver sees the "black body" that is kept at a temperature carefully monitored with a precision thermometer. The gain is monitored by periodically injecting a calibrated noise through a noise diode. The receivers are moved in azimuth and elevation by a pan tilt unit, and they are equipped with internal accelerometers to precisely determine the elevation angle. In normal operation mode the radiometers observe the sky in zenith position. Zenith measurements are interrupted approximately every 15 minutes to collect scanning measurements used to perform the absolute calibration. All data processing and software operations are performed by an embedded computer located inside the Main Junction Box.
The two receivers" lenses are kept free of dew and water drops in drizzle conditions by the Rain Effect Mitigation (REM) System. The system is composed of a dewblower and two heaters that blow warm air on the lenses when the relative humidity exceeds a user-selectable threshold. 
Specifications
Theory of Operation
The three channels of the MWR3C are highly sensitive to the presence of water vapor and liquid water in the atmosphere. The two K-band frequencies (23.834 and 30 GHz) are similar to the frequencies sampled by the MWR (23.8 and 31.4 GHz) to ensure continuity of the measurements. The additional 89-GHz channel provides increased sensitivity to the presence of cloud liquid water. The additional channel should therefore improve LWP retrievals, particularly when the liquid water amount is low. Real-time retrievals of integrated water vapor and liquid water path are available from the ARM Data Archive in the datastream sssmwr3cFF.b1. The retrievals are obtained with a neural network algorithm similar to the one described in [2] . Physical retrievals are available as VAPs. In Figure 3 With the addition of the 89-GHz channel, the PWV and LWP retrieval uncertainty can be reduced as shown in Figure 4 [1]. 
Calibration
Theory
Once in the field, the MWR3C calibrates exclusively with tip curves. In-factory calibration determines the receiver non-linearity coefficients and the lens temperature-dependent offset. A residual temperature dependence of the lens is derived from the tip curves results. With the tip curve algorithm, the gain and receiver temperature are uniquely determined. The processing of the tip curves is designed to be consistent with the MWR"s [3] and MWRHF"s [1] calibration procedures. Tip curves are collected every 15 minutes. In the tip curve procedure, a linear regression is performed between the optical thickness and the air mass. The straight line is extrapolated to zero air mass. The detector reading at this point corresponds to a radiometric temperature, which equals the system noise temperature plus 2.7 K. A second detector voltage is measured with the radiometer pointing at the ambient temperature with known radiometric temperature. Various corrections are applied to achieve increased accuracy in the results. Once a sufficiently large number of acceptable tip curves are collected (the number of points as well as the acceptance criterion are user-selectable), they are processed, and a median value is used in the computations of brightness temperatures.
Procedures
The calibration algorithm is based on the assumption that although noise diodes are known to be stable over time, the effective noise diode injection temperature as determined from tip curves will eventually show some drift over a period of a few months. The radiometer equations used to calibrate the brightness temperatures are the following:
Where 
The sky temperature is computed as: 
To have an estimate of T ND it is necessary to acquire an independent T sky value. This is achieved through frequent tip curves. In the tip curve procedure, the opacity () computed at each elevation angle is plotted as a function of airmass, and the slope of the regression (z) is computed. T sky is then determined as:
where T mr is the atmospheric mean radiating temperature. This T sky value is then substituted in (9) to determine the instantaneous value of T nd . Instantaneous values of T nd are collected and stored. Once a day
.
